Water degradation is strongly related to agricultural activity. The aim of this study was to evaluate the influence of land use and some environmental components on surface water quality in the Campestre catchment, located in Colombo, state of Parana, Brazil. Physical and chemical attributes were analyzed (total nitrogen, ammonium, nitrate, total phosphorus, electrical conductivity, pH, temperature, turbidity, total solids, biological oxygen demand, chemical oxygen demand and dissolved oxygen). Monthly samples of the river water were taken over one year at eight monitoring sites, distributed over three sub-basins. Overall, water quality was worse in the sub-basin with a higher percentage of agriculture, and was also affected by a lower percentage of native forest and permanent preservation area, and a larger drainage area. Water quality was also negatively affected by the presence of agriculture in the riparian zone. In the summer season, probably due to higher rainfall and intensive soil use, a higher concentration of total nitrogen and particulate nitrogen was observed, as well as higher electrical conductivity, pH and turbidity. All attributes, except for total phosphorus, were in compliance with Brazilian Conama Resolution Nº 357/2005 for freshwater class 1. However, it should be noted that these results referred to the base flow and did not represent a discharge condition since most of the water samples were not collected at or near the rainfall event.
SUMMARY
Water degradation is strongly related to agricultural activity. The aim of this study was to evaluate the influence of land use and some environmental components on surface water quality in the Campestre catchment, located in Colombo, state of Parana, Brazil. Physical and chemical attributes were analyzed (total nitrogen, ammonium, nitrate, total phosphorus, electrical conductivity, pH, temperature, turbidity, total solids, biological oxygen demand, chemical oxygen demand and dissolved oxygen). Monthly samples of the river water were taken over one year at eight monitoring sites, distributed over three sub-basins. Overall, water quality was worse in the sub-basin with a higher percentage of agriculture, and was also affected by a lower percentage of native forest and permanent preservation area, and a larger drainage area. Water quality was also negatively affected by the presence of agriculture in the riparian zone. In the summer season, probably due to higher rainfall and intensive soil use, a higher concentration of total nitrogen and particulate nitrogen was observed, as well as higher electrical conductivity, pH and turbidity. All attributes, except for total phosphorus, were in compliance with Brazilian Conama Resolution Nº 357/2005 for freshwater class 1. However, it should be noted that these results referred to the base flow and did not represent a discharge condition since most of the water samples were not collected at or near the rainfall event.
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INTRODUCTION
Increased agricultural production is a reflection of population growth, and this affects water availability and quality ). The potential of water contamination from agricultural activity is extremely high (Lal & Stewart, 1994) , especially in a conventional system with excessive application of fertilizers and pesticides on high slope areas (Manosa et al., 2001; Hart et al., 2004) . This potential is even higher during intense rainfall events (Takeda et al., 2009) .
Soil use and management, according to their capacity, as well as the adoption of conservation techniques are fundamental for preserving water quality (Zeilhofer et al., 2006; Diebel et al., 2009 ). Preservation of native vegetation prevents water pollution (Yang & Zang, 2003; Mehaffey et al., 2005; Yang et al., 2007) , especially in the riparian zone, which acts as a filter. Eutrophication of rivers and lakes is one of the main problems related to agricultural activity (Sharpley et al., 1994) , and the use of mineral and organic fertilizers in agriculture, even though they are essential for plant growth, can become a source of water pollution (Hooda et al., 2000; Hart et al., 2004; Shigaki et al., 2006) .
The quality of the water in a catchment is determined by human and environmental factors, as well as their interaction (Ngoye & Machiwa, 2004; Diebel et al., 2009; Takeda et al., 2009 ). In the Campestre catchment, land use in most of the agricultural areas is in conflict with land capability, mainly due to the shallow soil and steep slopes.
Moreover, almost 50 % of the riparian zone (30 m on each side of the river) is not covered by native vegetation. This environment with intensive production of vegetables under conventional tillage is a potentially significant source of water contamination from soil and water losses with their associated pollutants of nutrients and pesticides.
The aim of this study was to evaluate the influence of land use and environmental components on the quality of the surface water in a catchment with small farms and vegetable production under conventional tillage. The specific objectives were to assess the influence of land use and riparian vegetation on water quality; identify the interference of the size of the subbasin (drainage area) on water quality; evaluate the effect of the season on water quality; and compare the physical and chemical parameters obtained in the river with Brazilian legislation, as well as with the results from a runoff study.
This research may help to design strategies for integrated planning and management of rural areas for improving and maintaining the quality of natural resources. This is important in ecologically fragile areas subject to inappropriate use.
MATERIALS AND METHODS

Characterization of the study area
The study was carried out on an area of 1,010 ha in the Campestre catchment located in Colombo, State of Parana, in the south of Brazil. The soil survey consisted of sampling and analyzing 14 soil profiles from different geographic positions, based on the soil recognition survey of the State of Parana (Embrapa, 1984) , and on geology and topography. Soil classification (Embrapa, 2006) The drainage network and monitoring sites are shown in figure 2. To determine the land use of each monitoring site ( Figure 3 and Table 2 ), crosstabulation (Eastman, 1999) was applied. Land use was obtained from Almeida (2003) and revised by field observation. Of the total area (1,010 ha), 44 % is covered by native vegetation ("Floresta Ombrófila Mista"), predominantly characterized by secondary forest at different stages of regeneration; 23 % with reforestation (mainly Mimosa scabrella and Eucalyptus sp); 19 % with agriculture, predominantly of vegetables, including lettuce (Lactuca sativa L.), broccoli (Brassica oleracea var. Italica Plenck), cauliflower (Brassica oleracea var. Botrytis), squash (Cucurbita pepo L.) beetroot (Beta vulgaris L.), cucumber (Cucumis sativus L.), tomato (Solanum lycopersicum L.), pepper (Capsicum annuum L.) and green beans (Phaseolus vulgaris L.); and 14 % with grassland as pasture for animals or unused. Agriculture, as described earlier, is based on vegetable production characterized by family farming using a conventional system (plowing and harrowing), with heavy application of mineral and organic fertilizers (poultry litter). It is common to use water from streams to irrigate the vegetables. Some farms have adopted an organic system by using organic fertilizer, with tillage consisting predominantly of animal traction. For vegetable production, there is estimated application of 48 Mg ha -1 yr -1 of poultry litter (2.2, 2.4 and 1.7 % of N, P 2 O 5 and K 2 O, respectively), resulting The drainage network in the Campestre catchment should have 30 m on each side covered by native forest, according to Brazilian Legislation (Brasil, 2002) . To obtain this riparian zone, the buffer routine from the IDRISI 3.2 software was applied, following Eastman (1999) . In the entire catchment, 135 ha should be preserved by law, with native vegetation as the riparian zone; however, 43 % was not (Table 3) . Subbasin A was most protected by riparian vegetation (60 % was covered by native forest and only 6.4 % was used for agriculture). In contrast, 19 % of the riparian vegetation of sub-basin B was used for agriculture (Table 3) . Moreover, most of the agricultural production occurs very near the riparian zone ( Figure 4 ).
The slope was determined using topographic data ( Figure 5 ) (1:10,000 scale, with contour lines every 5 m in digital media). The predominant slope is 20-45 %, followed by 13-20 % (representing 45 and 24 % of the entire catchment, respectively). Agricultural use in the entire catchment occurs predominantly in areas of high slopes (41 % of the agriculture in slopes greater than 20 %) (Table 4) .
Monitoring sites and sampling
Water from the river was sampled monthly from October 2007 to October 2008 (except January 2008) at eight monitoring sites distributed over the entire catchment ( Figure 2) . Most of the sampling days were dry days. The water samples were taken manually from the center of the river at a depth of 5 cm at the respective monitoring sites and transported in ice chests to the laboratory for further analysis. All parameters were analyzed in the laboratory except temperature, which was determined in the field.
Water sample analysis
The parameters of pH, electrical conductivity (EC) and turbidity were measured in the laboratory just after sampling. Total solids were determined by drying a 20 mL homogenized aliquot at 105 o C (Bartram & Balance, 1996) . Dissolved oxygen (DO) and biological oxygen demand (BOD) were determined by the Winkler method modified by sodium azide (APHA, 1995) , and chemical oxygen demand (COD) was determined by potassium dichromate according to the -N) , the samples were filtered with a 0.45 mm ester cellulose membrane. Ammonium-N was determined by the phenol method using spectrophotometry at 640 nm (APHA, 1995) , and nitrate-N was determined by spectrophotometry at 220 nm using metallic zinc to determine the interference (Norman & Stucki, 1981) . For total nitrogen (total N) and total phosphorus (total P), samples were digested via the Kjeldahl method (APHA, 1995) . Total N (Kjeldahl) was determined by spectrophotometry at 640 nm following the same method used to determine NH 4 -N. Total P was determined by spectrophotometry at 880 nm following the ascorbic acid method (APHA, 1995) . Total N (Kjeldahl) refers to the soluble NH 4 -N, as well as N associated with the sediment, either organic or mineral. So, particulate N, which represents the N associated with the sediment, either organic or mineral, was determined by the difference between total N (Kjeldahl) and NH 4 -N. It is important to explain that NO 3 -N was not recovered in the total N (Kjeldahl) method (Sharpley & Menzel, 1987) , so total N (Kjeldahl) represents only the organic N and the NH 4 -N fraction.
The results from the watershed were compared with Conama Resolution Nº 357/2005 (Brasil, 2005) , Brazilian legislation which establishes the maximum pollutants permitted, taking the uses of water into consideration. Furthermore, the results from the river were compared with the results from the runoff study carried out by Ramos (2009) in the Campestre catchment in large plots.
Statistical analysis
The data were subjected to different analyses. The first analysis was the Kruskal-Wallis H test (Levin, 1999) , which examines individual variables and allows us to evaluate the differences in each variable (physical and chemical parameters) between sub-basins (A and B) and seasons (summer and winter), as well as among the monitoring sites in each sub-basin. This is a nonparametric analysis of variance and was chosen because it does not require assumptions of normality and homogeneity. To find the difference between the sub-basins (A and B), analysis was performed taking the average of the monitoring sites into consideration, as well as considering only the outlet monitoring site of the sub-basin. To check the seasonal differences, two groups were considered: summer (October 2007 to April 2008) and winter (September 2008 to May 2008) using the average of all samples collected for each seasonal period. The second analysis was the Wilks Lambda test, which belongs to multivariate analysis (Johnson & Wichern, 1998) . In this case, the variables chosen in the first test were analyzed together by checking the ability of the variables in explaining the variance of the system. The third analysis was multiple regression (Hirsch et al., 1993) to evaluate the relationship between the soil use and environmental components (independent variables) and water quality parameters (dependent variables). The environmental components were the riparian zone, the size of the sub-basin and the distance from the agricultural area to the river. In this analysis, independent variables were related to each dependent variable to try to identify and quantify those that contribute to describing the variability of the dependent variable.
RESULTS AND DISCUSSION
Effect of soil use and environmental components
All the parameters, except total solids, were different between sub-basins A and B (Table 5) . According to multiple regression analysis, the percentage of agricultural land, the percentage of forest (native + reforestation), the percentage of the riparian zone taken up by agriculture, the distance from the agricultural area to the river and the size of the sub-basin had significant effects on most of the parameters (Table 6 ).
The annual mean concentration of total N (Kjeldahl), particulate N, NH 4 -N, NO 3 -N, total P, EC, DBO and COD were higher in sub-basin B (Table 7) , indicating lower water quality. This can be explained by the land use components (percentage of agricultural land, percentage of forest) and environmental components (percentage of riparian zone taken up by agriculture, distance from the agricultural area to the river). The land taken up by agriculture in subbasin B is 24 %, while in sub-basin A it is only 8 % ( Table 2 ). The vegetables are produced most through conventional tillage, adding a heavy amount of fertilizer (1,056; 1,152 and 816 kg ha -1 yr -1 of N, P 2 O 5 and K 2 O, respectively, by organic fertilization; and 400 kg ha -1 yr -1 of N, P 2 O 5 and K 2 O by mineral fertilization). Additionally, 41 % of the agriculture in sub-basin B is practiced on a slope greater than 20 % on fragile soils. Haplic Cambisol (Cambissolo Háplico) and Litholic Neosol (Neossolo Litólico) are the main soils throughout the watershed (Figure 1) , as well as in the agricultural areas ( Figure 6 ). These soils have phyllite and quartzite as parent material and a predominant slope of 20-45 %, defining the very low to moderate depth (20 cm -Litholic Neosol and 62-110 cm -Haplic Cambisol), and loam to clay texture (Table 1) . Furthermore, 19 % of the riparian zone in sub-basin B is taken up by agriculture, while in subbasin A, only 6 % of the riparian zone is taken up by agriculture (Table 3) . Moreover, most of the agricultural production occurs very near the river (Figure 4 ). All this indicates potential for water and soil losses, as well as associated pollutants. Yang et al. (2007) and Yang & Zhang (2003) observed that the concentration of NH 4 -N, NO 3 -N, total N, total P, soluble P and particulate P decreased exponentially with an increase in the area occupied by forest in a catchment of 407 ha monitored weekly for one year in the subtropical region of China. Mehaffey et al. (2005) observed that the percentage of agricultural use and percentage of urban area explained 25 to 75 % of the variation in total N and total P in New York City´s water supply catchments.
The annual average concentration of all parameters is shown in table 7. In it, standard deviation does not indicate a difference between sub-basins. However, comparing the values by a non-parametric analysis, which is more appropriate for the nature of the data since they do not follow a normal distribution, the difference was significant for all parameters, except for total solids (Tables 4 and 5 ).
In general, higher values of total N (Kjeldahl), particulate N, NH 4 -N and NO 3 -N were observed in the river (Table 8) in monitoring sites with a higher percentage of agriculture, a lower percentage of forest, a higher percentage of the riparian zone taken up by agriculture and a larger drainage area (size of the sub-basin). The higher annual average concentrations of both particulate N and total N (Kjeldahl) were found in monitoring sites C and B4 (Table 8) . Monitoring site C represents the entire catchment, and B4 represents the entire sub-basin B. These monitoring sites had the largest size, as well as the highest percentage of agriculture (19 and 24 %, respectively), and a smaller percentage of the riparian zone occupied by native vegetation (56 and 55 %, respectively). In addition, in both, 71 % of the agricultural area is on greater than 13 % slope (Table 4) . Zeilhofer et al. (2006) , studying water quality in the Cuibá River Basin, central Brazil, for three years in 21 monitoring sites, observed that total N (Kjeldahl) concentration increased significantly in the sub-basin devoted to intense agricultural land use. However, the total N (Kjeldahl) mean annual concentration (1.74 mg L -1 ) of that study was much lower than the mean annual value from the Campestre catchment (6.85 mg L -1 ), which was explained by heavy N fertilization (organic and mineral fertilizers).
In a study involving runoff in large field plots (hillslope) in the Campestre catchment with different vegetable crop production systems, Ramos (2009) obtained total N weighted annual mean concentration in runoff of 30, 27, and 26 mg L -1 for organic, conventional and forest system, respectively. The annual mean concentrations of total N (Kjeldahl) in the river ranged from 4.8 to 6.8 (Table 8) and are much smaller compared to the runoff values (Ramos, 2009) . However, most of the sampling days were not after an intense rainfall.
Particulate N (organic and inorganic N associated with the sediment) represented 72 % of the total N, indicating a long term available source. Particulate N is also denominated organic N because most of the N associated with the sediment is organic N (Hatch et al., 2002) . High concentration of particulate N in the Campestre Catchment is consistent with the heavy application of manure in the catchment. Furthermore, the transport of sediment to watercourses is enhanced in areas with intensive soil cultivation, especially in steep areas (Manosa et al., 2001; Hart et al., 2004) . Ramos (2009) , in a runoff field study in the Campestre catchment, also noted that most of total N (more than 70 %) consisted of particulate N (organic N). In contrast, Yang et al. (2007) , in a catchment of 407 ha monitored weekly for one year in the subtropical region of China, observed that only 16-30 % of the total N was particulate N. Most of the total N in the study of Yang et al. (2007) consisted of NO 3 -N (50-60 %). In our study, NH 4 -N and NO 3 -N represented only 28 % of the total N (Table 8) .
Regarding total P, the same trend as total N (Kjeldahl) was expected; however, differences occurred only between sub-basin A and B and among monitoring sites from sub-basin A (Table 5 ). There was no difference among the monitoring sites from sub-basin B. One factor that may have contributed to this inconsistency is the dilution effect from rainfall [total P concentrations are much smaller than total N (Kjeldahl) and, thus, more sensitive to the dilution factor]. Another possible explanation is the heavy organic (poultry manure) fertilization affecting much more N losses than P losses. Additionally, P transport from soil to water is highly related to surface runoff, and most sampling days were on dry days.
The weighted annual mean concentration of total P in runoff in the Campestre catchment (Ramos, 2009) was 9.48, 0.92 and 0.30 mg L -1 for the conventional, organic and forest systems, respectively. These values are much higher when compared with the data from the river (0.14 mg L -1 total P, the average of all monitoring sites) ( Table 8 ). This allows us to conclude that the river water has better quality compared to the runoff water (Ramos, 2009 ) from the hillslope. The large percentage of the catchment occupied by forest (67 % of the catchment has native vegetation + reforestation) (Figure 3 ) made a huge contribution to water quality. Again, it is important to note that river water sampling was conducted mostly on days without rainfall, and, possibly, sampling during or just after rainfall would result in higher values.
The lowest values for most of the water quality parameters (NH 4 -N, NO 3 -N, total P, EC, turbidity, temperature and BOD) were obtained in monitoring site A1 (Table 8 ). This is the most protected site (0 % agriculture, 74 % native vegetation and 100 % of the riparian zone preserved by native vegetation) ( Figures  3 and 4) . There is generally an increase in the concentration of N, P, EC, BOD and COD with an increase in agricultural area; however, this trend is most evident in electrical conductivity. The concentration of ions in water increases with an increase in the percentage of agriculture (Figure 7) , characterizing the potential for nutrient transport from soil to water (Hooda et al., 2000) .
Conversely, even with a smaller area dedicated to agriculture, sub-basin A showed higher values of turbidity and temperature (Table 5 ). Higher temperature was probably due to the fact that monitoring sites A2 and A3, though having a higher percentage of forest, were not protected by trees at the sampling point while, in sub-basin B, most of the monitoring sites were under the forest canopy. For turbidity, the major contribution was from monitoring site A2, possibly since it was near a road. However, the turbidity values at all monitoring sites are considered low (Brasil, 2005) .
Dissolved oxygen was lower in sub-basin A (Table  5) , which could also indicate lower quality (higher levels of organic matter in water); however, the COD and BOD do not confirm this hypothesis. The lower concentration of DO in sub-basin A is possibly due to visually lower turbulence in two of the monitoring sites. As previously stated, analysis of runoff samples from the Campestre catchment (Ramos, 2009) showed greater losses of water, soil and nutrients compared with the river results. Despite intensive vegetable production in 19 % of the catchment, there is also 67 % of the land covered by forest (44 % native forest and 23 % reforestation), which somewhat enhances water quality in the Campestre catchment. Moreover, the spatial distribution of areas with agriculture surrounded by forest and grassland possibly also reduces the pollution potential of intense vegetable production. Although there are areas with high pollution potential, for example, farmland near the river without riparian zone preservation, there are many other factors that diminish this effect. It is also important to point out that the monitoring in the river refers to a one-year period with only one sampling after a heavy rain.
Effect of the season (summer and winter)
The Kruskal-Wallis test using the average of the monitoring sites showed seasonal differences for total N (Kjeldahl), particulate N, NH 4 -N, NO 3 -N, total P, pH, total solids, turbidity and DO (Table 9) . Particulate N, NO 3 -N, total P, DO, BOD, pH, turbidity and total solids explain 76 % of seasonal variation in the catchment considering Wilk Lambda statistical analysis.
The higher concentration of total N (Kjeldahl) and particulate N in summer (Table 9) is presumably due to the increased volume of rainfall, coinciding with a period of increased agricultural land use and, consequently, greater application of organic and mineral fertilizers. Farmers also grow vegetables in the winter, but cultivation is predominant in the summer season. Higher concentrations of nutrients in surface water are usually found in the season with higher rainfall (Ngoye & Machiwa, 2004; Donadio et al., 2005; Takeda et al., 2009) ; however, the opposite also can be true, explained by the dilution effect from rainfall (Carvalho et al., 2000) .
Lower concentration of NH 4 -N, NO 3 -N and total P in the summer period (Table 9) was not expected, but it may be because of the dilution effect from rainfall. Carvalho et al. (2000) also observed lower concentration of these nutrients in the winter season. As previously described, total P concentrations are much smaller compared with total N (Kjeldahl) and, therefore, dilution may be affecting the results of total P and not the results of total N. Palacio et al. (2009) observed a strong influence of seasonality on surface water quality in a catchment monitored at seven points from January to August. However, it is important to consider that, in the Campestre catchment, most of the sampling days were not after intense rainfall. The results from this study show mainly the effect of subsurface drainage. So, the seasonality effect would not have a significant influence. The study area is head drainage (Figure 2) ; therefore, the contribution of surface runoff on water quality occurs fundamentally during rainfall events. In a head drainage system, to check the effect of runoff on water quality parameters, water samples should be taken during the rainfall event.
The EC is expected to increase in summer (Table  9) , due to the increase in fertilizer applications and higher rainfall, which in fact occurred in the Campestre catchment.
Regarding the seasonal effect at each monitoring site verified by the Kruskal-Wallis test (Table 10) , there is variation mainly due to the nutrients, pH and DO. According to the Wilk Lambda test (Table  10) , these parameters explain more than 83 % of seasonal variation.
Brazilian legislation for quality of surface water
Comparing the data from the Campestre catchment with Resolution 357/2005 (Brasil, 2005) , total P does not fit within the maximum values allowed for freshwater class 1 (water used for irrigation of vegetables which are eaten raw). The annual average concentration of total P in the Campestre catchment was 0.14 mg L -1 , and the maximum allowed is 0.1 mg L -1 . The other parameters NO 3 
CONCLUSIONS
1. Water quality was lower in the sub-basin with a higher percentage of agriculture, a lower percentage of forest (native or reforestation), a greater size (drainage area) and a higher percentage of the riparian zone taken up by agriculture.
2. Higher concentrations of total N (Kjeldahl), particulate N, EC, pH and turbidity were obtained in the summer season, probably due to higher rainfall and intensive soil use, although lower concentrations of total P, NH 4 -N and NO 3 -N were observed, possibly due to the dilution effect from rainfall. 
